This article suggests a future where accessibility and the universal design of the physical education environment is no longer an issue and where the focus is on universal design for learning. The supports and scaffolds necessary to ensure progress for all learners will, from the very beginning, be built into the instructional methods and learning materials thus reducing the need for remediation and enabling full participation in the general curriculum by all learners.
Introduction
In the year 2006 my youngest son comments that it would be cool if we each had our own personal flying device to avoid automotive gridlock and wonders whether that might make a good topic for a school project. I encourage him to investigate his idea further using NetLearner, the customizable supportive research, study, and expression environment available to all learners. After generating a few related questions, we query NetLearner to see what kind of information is available.
From NetLearner my son is surprised to discover that Michelangelo thought about similar issues 500 years ago. After reviewing the other available information and surveying the available research supports, he narrows in on an interesting but manageable topic, a comparison of personal flying devices between the years 1500 AD and 2006 AD.
Throughout this process, NetLearner proves an invaluable resource. Its research tools
Access to educational technologies has also been facilitated by a global shift in publisher practice. Although a few educational publishers still produce textbooks in print, as a whole publishers have transitioned to providing content and activities in digital form. Now schools can simply license the specific content students and teachers need to accomplish their project goals, a much more productive and cost effective solution.
Although schools and publishers were once concerned about giving up the security and predictability of the printed textbook, most have been won over by the new method for selecting, licensing, and using such materials. Standards requiring publishers to tag their content and activities with meta-data ease the location and selection of digital materials, as do the new digital libraries. A few schools are also experimenting with electronic locator and selector tools that build smart digital agents to help locate materials aligned with established local criteria. These new services hold great promise for saving time and money and preventing problems associated with the purchase or licensing of materials that are not properly aligned to established standards and local preferences. Schools can now quickly locate content from both large and custom publishers that is appropriate to the context of a lesson or project.
Of course, in 2006, students' access to educational technologies extends beyond the walls of schools and libraries. Thanks to more widespread fiber optic and broadband connections, teachers and learners can access educational materials at home. The desired content or activity can be readily accessed via desktop computer, laptop, portable handheld PC, personal digital assistant, or even a cellular phone. Teachers and learners need simply download the extensible markup language and extensible style language (XSL)-based learning materials that fit their device's requirements. None of this was very practical in 2001 when most of the content was hard wired in HTML. Some educators have begun to experiment with adding their own custom tags so that content can be customized to meet specific educational needs beyond those conceived by the original publisher.
Tools, supports, and scaffolds are easily integrated within the digital learning environment and routinely included by publishers. These include synthetic speech with synchronized highlighting of the spoken text and direct links to reference materials and definitions and provided with consideration for the context in which the term or phrase was originally used. Content is presented with usability in mind; presentation is clear and straightforward. For example, simple navigation controls allow learners to quickly find what they need. These features make electronic books accessible to the full spectrum of individuals, including students with disabilities who require various supports while reading as well as students who simply learn even better with these supports.
Although only 5 years have elapsed since 2001, technological advancements have clearly been rapid and extensive. These changes have important implications for the educational landscape and accommodating diversity in the classroom.
Confronting Student Diversity
What has not changed in 2006 is the need to ensure that students of all kinds are granted maximum opportunities to learn within the general education classroom. This has been a continued challenge since the Individuals with Disabilities Education Act '97 amendments, demanding that the general education classroom ensure access, participation, and progress for students with disabilities. In 2006, there is an even better appreciation for the diversity of students and more widespread acknowledgement that all learners fall along a continuum of learner differences, with students with disabilities representing just a small piece of the continuum. Although the challenge to respond to these individual differences persists even in 2006, the availability of new, flexible educational technologies brings us much closer to a solution first envisioned many years earlier, universal design for learning (UDL).
Universal design for learning was inspired by the universal design movement in architecture. The basic realization behind universal design was that designing buildings with built-in accessibility to everyone was a far superior approach to making modifications after the fact. Incorporating features such as elevators and automatic doors into the building's design increased usability for individuals in wheelchairs, for example, far more efficiently and costeffectively than introducing these features after construction was complete. Moreover, these built-in features turned out to be advantageous for a broad range of individuals -not just those with disabilities.
Building an accessible building from the start also offered many financial and practical advantages for designers of educational environments. At the beginning of the third millennium, parallel advantages became clear for designers of educational instruction. Researchers and developers at CAST, long interested in expanding educational opportunities for students with disabilities, realized that designing teaching approaches and curriculum materials that were inherently flexible and supportive of diverse learning needs would have remarkable advantages.
CAST developed UDL as an educational application of Universal Design, intended to guarantee every student maximal learning opportunities within the curriculum.
The basic premise behind UDL is that curricular content should be provided in a transformable format or as multiple representations such that multiple means for recognition, strategy, and engagement are built into each learning activity. Individual differences in the ability to recognize information are accommodated by providing multiple examples of content in multiple media and formats, with critical features highlighted and background context supported.
To accommodate individual differences in the ability to be strategic and express oneself, the curriculum is designed to provide flexible models of skilled performance, opportunities to practice with various supports, ongoing relevant feedback, and opportunities to demonstrate skill in a variety of ways. Individual differences in the ability to engage with learning are accommodated through choices of content and tools, learning context, and rewards as well as adjustable levels of challenge. Moreover, in a universally-designed classroom not only are students given the tools necessary to adapt methods and materials to their individual needs, but also the goals for learning are flexible and assessment is continuous. Publishers have responded to UDL in an extremely positive fashion. UDL has helped them produce content that can be customized to regional and individual needs. Educational technologies are now designed in a way that enables not merely a modest improvement in access to learning content and activities, but a significant improvement in the quality of learning opportunities themselves. Let's look at how technology and UDL have transformed education in
2006.

Realizing UDL in 2006
In the year 2006, we understand the importance of high educational expectations through (a) universally designed materials that improve not only access but also learning, (b) multiple pathways to success, (c) the judicious use of technology-based supports and scaffolds, (d) continuous assessment, (e) a social context for learning, and (f) new, more cooperative, instructional strategies. More important, we know that the technologies used for learning have to be very easy to use for everyone. Now that technology is provided as a turnkey service and the programs do the work of customizing, educators and learners can concentrate on teaching and learning.
Universal Access and Improved Learning
The availability of flexible, universally-designed, curricular materials has greatly improved the caliber of education by permitting every learner's needs to be better met.
Electronic learning environments enable students to readily overcome disabilities that could prevent access. Supports such as keyboard shortcuts and access keys provide access to those whose physical challenges prevent them from using a mouse. Simple switches may also be used to navigate the electronic environment. With digital content, it is easier and more cost-effective to provide multiple representations (e.g., image and sound), to transform one medium to another (e.g., text-to-speech), to alter the characteristics of a presentation (e.g., size, color, contrast), and to provide the same basic content at varying levels of difficulty. These capabilities ensure that individuals with visual, auditory, reading, or motor impairments, for example, can access learning materials and activities. Further, digital content is usable by a wide variety of display and presentation devices (e.g., computer, handheld device, phone), supporting a range of expressive formats, including writing, speaking, or drawing, which collectively ensure access to individuals with disabilities.
Since all approved software programs have built-in options and supports for recognition, strategic, and affective differences, assistive technologies (e.g., screen enlargers, switches for scanning, voice recognition, and special type-ahead and word prediction programs) are seldom required to ensure access as they were in 2001. When implementing technology, educators can now look beyond access to the quality of the learning experience.
The new digital technologies offer the means to tailor learning to personal interests and abilities so that the learning experience is itself improved. Teachers recognize that high levels of access and support can diminish opportunities for learning under some circumstances. Within a flexible curriculum, a teacher can ensure that the appropriate degree of resistance, so essential to productive learning, is maintained for each student. For example, if the automatic main topic highlighter stands in the way of the learner becoming independent and strategic, it is turned off.
With choice, learning materials and activities can be selected to maximize the learning experience. A teacher is not compelled to rely on printed text or speech to deliver a lesson on black holes but can integrate presentation tools that are more effective for this type of concept, for example, a video or virtual demonstration. Thus, a teacher can provide materials that are not only more accessible but also more effective.
Multiple, Supported Pathways to Achievement
High standards remain a critical component of our nation's 2006 effort to improve educational opportunities for learners with diverse backgrounds, styles, and abilities. What have changed are the options for reaching those standards. Teachers now know how to more carefully interpret standards so that they do not needlessly preclude multiple pathways to achievement.
And they can use flexible methods and materials to accommodate these multiple pathways. The appropriate approach to a particular standard will differ depending on the learner's recognition, strategic, and affective issues. Now, lack of proficiency with knowledge or skills unrelated to the standard's core purpose need not prevent students from succeeding.
Teachers now more closely scrutinize the learning needs of students and the educational alternatives within the curriculum. They recognize that identifying the proper balance of support and challenge demanded by a particular learner within a selected context is critical to the provision of a properly tuned educational experience. When the goal is to improve a student's knowledge of some historical event, for example, it is now commonplace to allow the learner to use a variety of needed supports and scaffolds (e.g., text-to-speech) for accomplishing that specific goal. However, when a struggling reader is easily able to grasp the concepts within a history lesson, it may make sense to reduce the reading supports and give the student an opportunity to practice reading and understanding without supports. Now that cognitive supports are a normal and expected part of educational design, students whose differences might formerly have excluded them from certain activities can participate in learning just as fully as their peers. In fact, cognitive supports improve learning for all students. For example, it has long been recognized that awareness of connections to personal experience, the past, other fields of study, and even the future help make us smarter in our dayto-day endeavors. In years past, learners worked long and hard to make these kinds of connections. Now, a growing population of learners can accomplish this task quickly with the benefit of special scaffolds and supports. These scaffolds and supports display keyword connections, provide compare-and-contrast summaries, generate concept maps that expose main ideas and supporting details, show relationships between current and past events, and step learners through an active inquiry process designed to expose relationships. These new tools progress well beyond the sensory and physical assistive technologies of the past. In the business world and in universities, the importance of a semantic web was clearly recognized in 2003 and only now are the critical concepts and benefits having an impact on the retrieval and presentation of information in K-12 education.
Other built-in cognitive tools for learners include reading and display devices that use colors and sounds designated by the learner to mark content for specific purposes. For example, items that are likely to be useful for a particular project can be highlighted in green if they are deemed "sort of interesting and worth revisiting." At the appropriate time, the learner can easily collect the marked text and media, together with annotations and bibliographic information, to develop a project or presentation.
In addition to such individual supports, group supports for working collaboratively are also possible and common in 2006. Students often contribute to a common document stored on a remote server. The document is developed over time by a team that agrees in advance how different individuals would best contribute to its evolution. Content is marked to indicate authorship, and annotation by anyone in the group is possible at any time. Of great value to the working group is the ability to build a common favorites file on the server so that everyone benefits from the Web-based resources located by each member. Members can even use a rating scale to rank order the resources by perceived value.
With this new approach, less time is spent trying to make all students perform identically in one limited area of expertise and more time trying to identify every student's strengths across a wider range of capabilities. The value and opportunity that lie in diversity are finally recognized.
Continuous Assessment
The increased availability and flexibility of educational technologies has also led to a transformation of assessment (e.g., from a terminal process to a continuous one). Information about students' performance can be automatically recorded and stored throughout the entire course of learning. This provides a much richer assessment, one that helps teachers to identify High stakes assessments for many years proved a barrier to entering higher education programs and acquiring productive employment, especially for students with disabilities, whom often failed to receive the instruction they needed to pass these tests. Over the past few years, many public schools have retained students with identified special needs until they demonstrate proficiency in reading, mathematics, and writing as well as basic knowledge of science, history, and government. However, the increased costs associated with providing educational programs beyond grade 12 have given schools the incentive necessary to implement significantly improved programs of early identification and support within the general education program.
Continuous Learning within a Social Context
Educational technologies now bridge the school and the home. Homework is no longer simply an opportunity to independently study, practice, or perform but instead part of a continuous learning experience. In fact, it is difficult to distinguish many aspects of regular classroom learning from learning outside the classroom. Project teams continue their work at home, sharing new ideas, resources, and content.
Working in a social context is a vital element to learning in 2006. Elementary educators know that working together offers huge advantages for learners, educators, and the community at large, as we see in many enlightened workplaces. Although competition still exists in the classroom, cooperative team efforts are generally more highly valued than individual accomplishments.
The project is core to learning. Learners agree to work together to solve difficult problems. Each student brings special talents and abilities to the table, and group members assume various project roles so that everyone experiences all aspects of the project at different times. Learners support one another because that is what completing a high-quality product requires. Students are taught to provide feedback to other learners and to self-monitor their performance. The products become part of a physical or electronic portfolio, and each learner's contribution is reviewed. Teachers, parents, and students often meet to review the data, in an environment where self-monitoring is highly valued and asking for help is considered beneficial to all.
Fostering Growth and Independence
In this collaborative, supported environment, the systematic withdrawal of supports and scaffolds within and across the various projects is considered necessary to foster growth and independence. Over time, novelty and challenge are introduced more frequently within the project activities to provide opportunities for developing new strategies for independence. For example, the server software makes fewer links and connections, and the students are periodically challenged to work on a more individual basis. Depending on feedback and conference discussions, some supports and scaffolds may be withdrawn altogether for brief periods to ensure that the easy access to a wide range of educational supports is not creating unnecessary dependence.
New Strategies for Instruction
This is not a high-tech, low-touch learning environment. Teachers remain a fundamental fixture in the learning process. In fact, technology enables teachers to pay each student more personal attention. Increasingly, teachers are shifting from their place at the head of the class to a position alongside their students, discovering, exploring, and solving problems together. In this environment, cognitive development, problem solving, and socially appropriate work skills are critical. Teachers and students work together to practice these skills and monitor progress on a regular basis. Students who need to feel that they are in charge of their own learning now have the tools for working with educators to establish appropriate learning activities. Although this new learning environment brings with it new challenges, teachers have quickly discovered the advantages over the more rigid, pedantic, and isolated classrooms of the past.
In 2006, teacher and student also cooperate to make most decisions about support, challenge, and novelty. As Lev Vygotsky (1978) described, productive learning, where the student is functioning within his or her zone of proximal development, richly engages the student.
Productivity is lost when a task becomes too challenging or too automatic. To ensure that all students are working within their zone of proximal development, teacher and student take part in a cooperative planning session to develop flexible learning paths. Together they devise a set of well-designed and mutually agreed-upon goals and scaffolds, suited to the individual learner's skills and comforts.
The work of Vygotsky has been extended to social and electronic learning environments, facilitating decisions about how much support is appropriate and necessary for each individual engaged in the learning process. Nevertheless, determining the appropriate balance of support and challenge can be difficult, even for the experienced teacher. In 2006, the task is made easier thanks to stores of data on past performance, which can be maintained on a central server. With newly available tools, these data can be visualized and analyzed rapidly and efficiently by teachers trained to support all types of learning. It is worth noting that the flexibility available within these data-analysis tools provides an important exemplar for educators who quickly realize that they, too, need to be strategic in ways that may differ significantly from their peers.
The availability of educational technologies is changing instruction in other ways as well.
Although many teachers are still required to have content area specialties, teachers have access to a rich variety of cross-discipline content, and teaching and learning are generally accomplished in a way that blurs the lines between specific disciplines. Basic reading, writing, math, and thinking skills are no longer taught apart from compelling project-based subject matter. Beyond the third grade, skill development is universally embedded within problem solving activities and project work.
Only a few years ago, statewide assessments compelled teachers to focus on a welldefined set of skills and knowledge. Now, although everyone still has a learning path outlined in advance, much of the excitement is focused on just-in-time learning opportunities. When a skill is desired or needed, teachers and students log on to the Internet and engage in lessons designed by the best available educational designers. Curriculum experts can continuously examine what is worth knowing, because facts are easily obtained, organized, and applied to new learning situations. This just-in-time learning is supported by mentors and the technology-based learning program itself. The program knows both the type and the amount of support appropriate for each learner. For example, it knows when and how best to provide outcome models, request learner summaries to support reading comprehension, check for recall of essential facts, and offer help with analysis and organization.
Although it soon may be possible for the software to do much of the work, many teachers are finding that the process of evaluating progress and determining the appropriate future path is an extremely valuable exercise. Thus, they are likely to use the computer-generated data simply to monitor their own decision-making.
These improvements in the ability to titrate the learning environment have greatly improved outcomes for students. The number of bored and frustrated learners, which often included many learners with disabilities, has been significantly reduced, and school has become a place of high productivity and achievement for almost everyone.
A New Role for Special Education Services
Now that accessibility is built in, teachers focus not on disability or identifying problems in children but instead on learning and identifying barriers or opportunities in learning materials.
A learning specialist in 2006 knows a lot about learning and knows how to plan and adjust support within the content of the general curriculum so that every child is maximally in his or her zone of proximal development. The specialist knows how to evaluate performance data and how to collaborate with teachers, parents, and students to recommend the right balance of social interaction, online customized content, skill advancement, performance, and teacher consultation. The disability and special talents training that each specialist has participated in provides general guidance for making adjustments to the learning environment.
Diagnostic testing was banned in 2005, because it provided limited, decontextualized, point-in-time data and was used mostly by clinicians to label and categorize children in ways now thought to be unproductive. Categorical labels are now of limited value. Individual educational plans are prepared for all students, but these plans are based on day-to-day performance and periodic conferences with learning specialists, educator teams, and parents. A continuously updated electronic record of activities, preference settings, computer-mediated adjustments, and performance provides the learning profiles, summary recommendations and outcome predictions that the learning specialist needs to optimize learning while considering social and emotional development.
Learning specialists are an integral part of each education team and support other team members, parents, and students. They are available to address the unique learning needs of all students and are trained to facilitate a decision-making process that results in improved learner performance. In 2006, fewer than 10% of all learners require special individual education plan amendments relating to their specific significant sensory, physical, cognitive, emotional, social, and health issues.
Summary
In the year 2001, teachers indicated that they found it difficult, if not impossible, to modify teaching methods and curriculum materials to meet individual student needs. Some thought that this condition was due to years of special services provided by special educators who were all too willing and able to assume responsibility for students identified as having special needs. Thanks to flexible educational technologies, in 2006 every student can achieve access, participation, and progress within the general curriculum. It was difficult to accomplish, but deliberate planning and technological advancements have finally made academic achievement for all a realistic outcome.
Access to the general curriculum, as well as participation in and progress within the general curriculum, is considered a right. We now have the social learning environment, trained educators, instructional methods, flexible content, and technology tools necessary to guarantee this right for everyone. Smartly embedding what is already known within classroom and electronic learning environments will continue to challenge curriculum developers and publishers for many years.
This topic is rich with opportunities for future study. We do not yet know whether students who read a great deal of their subject-matter content in a supported reading environment (e.g., with
text-to-speech capabilities) will learn to read more quickly or more slowly than students in unsupported print environments. Nor do we fully understand the long term impact of new highly accurate voice recognition (e.g., voice-to-text) tools on student writing. We might also ask what is the proper balance of the familiar and the novel for a particular learner within a particular learning activity. The learning technologies available in 2006 enable us to experiment with these settings, but much more data collection and analysis must be completed before individualization can be accomplished automatically, without human intervention.
As my son searches the Internet and his personalized learning environment using NetLearner, he quickly collects, organizes, and analyzes the information he will need to discuss his personal flying device project in school the next day. In other homes, students approach the same task but perhaps in very different ways. In the year 2001, many of these supports would have been impossible, and some of these students would have been considered disabled. Instead, they have grown up with tools that are as varied and as flexible as they are. Tomorrow, in school, they will form a diverse team to collaborate on this project, and they might just make something very special.
The Technologies for Achieving the Vision
The technologies that will be needed in 2006 are mostly available today. However, they have not been fully developed, and the development and monitoring tools required by publishers and educators have not been standardized.
Extensible markup language (XML), extensible stylesheet language (XSL), extensible stylesheet language transformations (XSLT) and secure personalization and digital rights technologies will soon provide learners with benefits that eluded educational developers for years. Format, structure, and content selection by XSLT can render appropriate content on browser screens or for printing; they can even generate refreshable Braille. Since there is now some agreement about which meta-data are appropriate for education, course developers and online content delivery warehouses can provide educational programs customized for selected standards, needs, and interests. Stand-alone XML pages will give way to those controlled by a document type definition (DTD) file customized for a given purpose or field of study. The tools for creating custom tags for XML are just emerging. Within a few years, it may be practical for educators to create their own.
XML pointer language (XPointer) and XML linking language (XLink) can provide essential resource connections over the Internet. In addition to simple links, XML can provide links between multiple resources and links between read-only resources. XPointer describes how to address a resource, and XLink describes how to associate two or more resources. As these technologies mature, customized content and personalized learning activities will become pervasive within our schools. specifications are designed to provide standards, such as meta-data, for educational purposes and will be used to provide the greatest possible integration of various competing online learning environments. The IMS Content Packaging specification will allow us to define course content and then deliver it by using a standard XML-based descriptor.
Tools for acting on content will also mature. Talking browsers will provide a visual representation of content while offering text-to-speech or SMIL-controlled MP3 digital voice files to listen to while highlighting the content. SMIL, the synchronized multimedia integration language, will be used extensively with scaled vector graphics (SVG) to offer high-quality customizable multimedia presentations. Cognitive support tools will become easier to use and will be integrated with our content presentation browsers.
Interwoven support and scaffolding capabilities will be built into the server-side applications, the client-based tools, and the educational content. Wireless Internet access for all media types and handheld personal computers will become pervasive for communication and learning. The goal is to provide every learner with the ability to log onto his or her learning environment from any available device from any location. In 2000, this is not practical. In 2006, it is a necessity.
